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"The  views,  opinions,  and/or  findings 
contained  in  this  report  are  those  of 
the  author (s)  and  should  not  be  con- 
strued as  an  official  Department  of 
the  Army  position,  policy,  or  decision, 
unless  so  designated  by  other  official 
documentation. " 


Abstract 


Learning  curves  or  Improvement  curves  have  been  in  use  for  a few 
decades.  The  theory  is  based  on  the  fact  that  as  an  operation  is  repeated 
many  times,  learning  occurs  and  the  operation  is  able  to  be  performed  more 
efficiently.  The  theory  was  originally  based  on  manual  operations,  but  it 
was  later  discovered  that  management  type  improvements  such  as  value  engi- 
neering, work  simplification,  better  tooling,  more  efficient  repetitive 
procurements,  etc.  also  occurred,  rendering  learning  curve  theory  useful 
to  almost  ail  production. 

Learning  curves  are  time  Independent.  The  only  terms  in  the  equations 
are  unit  numbers  and  costs.  Learning  curves  generally  only  deal  wtth  con- 
stant year  dollars  due  to  the  large  fluctuation  in  inflation  rates.  In 
many  cases,  the  entire  effect  of  learning  is  overridden  by  the  Increase  In 
costs  due  to  inflation. 

The  learning  curve  is  a curve  on  square  graph  paper,  asymptotically 
approaching  zero  cost  as  the  unit  number  approaches  infinity,  it  is,  how- 
ever, a straight  line  on  log-log  paper  where  the  distance  between  doubled 
quantities  Is  equal.  The  "slope"  comes  from  the  slope  of  the  straight 
line  on  the  log-log  paper.  A plot  of  the  learning  curve  on  log-log  paper 
can  be  used  to  estimate  future  costs  for  individual  units.  It  is  more 
difficult,  however,  to  estimate  the  average  unit  cost  for  an  entire  pro- 
duction lot  since  the  cost  of  each  unit  will  be  different.  The  algebraic 
lot  midpoint  Is  the  unit  number  in  a lot  that  has  the  average  unit  cost 
for  that  particular  lot.  The  computer  program  described  in  the  handbook 
necessary  to  utilize  learning  curves  for  estimating  future  costs. 

This  computer  program  was  written  with  the  casual  computer  user  or  a 
person  who  never  used  a computer  in  mind.  The  user,  however,  should  be 
familiar  with  the  usage  of  learning  curves  In  order  to  Interpret  the 
results.  An  English  language  question  asking  for  data  prompts  the  user. 
There  Is  no  required  format  for  data  entry.  If  "meaningless"  data  is 
entered,  the  user  will  be  given  another  chance  to  enter  "meaningful" 
data.  The  user  is  given  a chance  to  correct  any  data  before  the  calcula- 
tions are  made. 

Any  comments  for  improvements  or  corrections  to  this  program  or 
requests  for  a source  code  listing  should  be  directed  to  the  Cost  Analysis 
Division,  Systems  Evaluation  Office  (DRDAR-SEC),  ARRADCOH,  Dover,  NJ 
07801. 


INTRODUCTION 


This  interactive  computer  program  uses  the  unit  learning 
curve  of  the  form  y * AX®  where  y * cost  of  unit  x,  A = theo- 
retical first  unit  cost  and  B ■ Log  (learning  slope)/Log  (2). 
With  this  curve,  the  cost  of  unit  #2N  will  be  equal  to  the 
cost  of  unit  #N  times  the  learning  slope,  i.e.  for  a 901 
learning  slope,  unit  #2  will  cost  90%  of  what  unit  #1  did; 
the  cost  of  unit  #200  will  be  90%  of  the  cost  of  #100. 

This  free  format  input  program  operates  in  the  following 
modes : 

Mode  Operation 

1 (input)  - you  input  data  to  find  the  slope  and  theo- 
retical first  unit  cost  by  regression  analysis 

2 (input)  - you  input  slope  and  first  unit  cost  or 
the  average  cost  for  a given  lot. 

3 (output)  - will  give  you  predicted  average  unit 
costs  for  up  to  100  production  lots. 

S Stops  the  program. 

I Lists  instructions. 

M Lists  modes. 

- You  can  go  back  and  forth  between  modes  as  many  times  as  you 
like.  The  computer  will  ask  you  what  mode  you  want.  You 
respond  by  entering  1,  2,  3,  I,  M,  or  S. 

- When  in  mode  3,  the  slope  and  first  unit  cost  from  the  last 
time  you  specified  them  (as  in  mode  1 or  mode  2)  will  be  used. 
You  will  be  able  to  change  modes  if  you  wish. 

- You  must  enter  the  slope  and  first  unit  cost  via  mode  1 or 
2.  If  you  enter  mode  3 before  1 or  2,  the  program  will  auto- 
matically put  you  in  mode  2 then  return  to  mode  3. 

- When  entering  unit  or  quantity  numbers,  you  must  include  all 
zeroes,  i.e.,  1 million  must  be  entered  as  1000000.  The 
decimal  point  is  optional.  You  cannot  simplify  by  considering 
K units  or  million  units.  You  cannot  enter  commas. 


- When  entering  costs,  you  can  enter  all  costs  as  dollars,  K 
dollars  or  R dollars  just  as  long  as  you  are  consistent  through- 
out. The  output  of  costs  will  be  in  the  same  scale  as  the 
input.  The  decimal  point  is  optional. 

- Trailing  zeroes  after  the  decimal  in  any  input  need  not  be 
entered. 

- Leading  zeroes  before  a decimal  in  any  input  need  not  be 
entered. 


Program  Access 

- Log-in  with  your  valid  user  name  and  password.* 

- Extend  the  time  limit,  attach  and  execute  the  program  as 
follows : 

Computer  Types  You  Type  (followed  by  carriage  return) 

COMMAND-  ATTACH , A , LCURVE , CY= 1 , I D=DRDAR ,MR= 1 

COMMAND-  ETL.100 

COMMAND-  A 

- Answer  all  questions  as  asked  by  the  computer. 

- All  input  is  free  format  up  to  10  characters  with  one  input 
per  line  entry,  followed  by  a carriage  return. 

- To  correct  data  before  you  hit  carriage  return  "CNTRL"  and 
"H"  will  backspace  1 space  when  simultaneously  pushed. 

"CNTRL"  and  "X"  simultaneously  pushed  will  "erase"  the 
entire  line  input  in  the  buffer  memeory,  but  does  not  physi- 
cally backspace  the  carriage. 

"CNTRL"  and  "2"  simultaneously  pushed  will  stop  program 
output . 

%A  Will  abort  program  execution. 

You  can  use  "y"  for  "yes"  and  "n"  for  "no"  when  answering 
questions . 


*To  get  your  own  username  and  password,  contact  MISD,  X6303. 
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MODE  1 OPERATION 


Mode  1 will  calculate  the  slope  and  first  unit  cost  result- 
ing from  a least  squares  curve  fit  of  the  data  to  the  equation 
y = axB.  It  also  gives  you  a correlation  coefficient,  r,  to 
tell  you  how  well  the  data  fits  the  curve.  R will  vary  from 
♦1  to  -1,  with  -1  being  a perfect  fit  and  -.8  being  an  accept- 
able fit. 

You  must  enter  at  least  two  data  points.  When  you  enter 
only  two,  the  line  will  go  through  both  points  and  R will  be 
equal  to  -1.0.  It  is  best  to  use  as  many  data  points  as  you 
can  to  minimize  the  effects  of  any  one  "bad"  data  point,  i.e., 
one  that  may  be  too  low  due  to  a contractor's  "buying  in"  or 
one  too  high  due  to  hidden  costs. 

Each  data  point  must  contain  the  following  information: 
the  unit  number  of  the  first  unit  of  the  lot,  the  quantity  of 
items  in  the  lot,  and  the  average  unit  cost  for  that  lot. 

The  quantity  in  the  lot  must  be  greater  than  or  equal  to  1. 

The  average  unit  cost  for  the  lot  is  found  by  dividing 
the  total  cost  for  the  lot  by  the  quantity  in  the  lot. 

The  lots  do  not  have  to  be  consecutive  or  in  any  particu- 
lar order. 

When  you  enter  a lot  with  a quantity  greater  than  1,  the 
computer  calculates  the  unit  number  of  the  lot  midpoint,  which 
has  the  average  unit  cost  for  that  lot.  The  regression  is 
done  on  the  basis  of  unit  number  being  the  independent  vari- 
able and  cost  being  the  dependent  variable.  The  equations  used 
for  calculating  the  lot  midpoint  and  for  the  regression  equa- 
tions are  presented  in  Appendix  A. 

After  you  enter  your  data,  you  will  be  given  a chance  to 
make  corrections  to  any  of  the  data  you  previously  entered,  or 
add  more  lots.  If  you  have  no  changes  or  when  you  are  done 
making  changes,  the  computer  will  type  out  the  slope,  theo- 
retical first  unit  cost  and  the  correlation  coefficient.  You 
will  then  be  asked  if  you  want  a table  of  the  predicted  unit 
costs  vs  your  inputted  unit  costs  for  all  of  the  lots  you 
entered.  After  this,  you  will  be  given  a chance  to  change 
modes.  If  you  go  to  Mode  3,  the  value  of  the  slope  and  first 
unit  cost  will  be  automatically  transferred. 


MODE  2 


Input  in  mode  2 consists  of  one  data  point  and  the  slope. 
The  slope  can  be  entered  as  a decimal  or  a whole  number.  For 
example  90t  can  be  entered  as  90  or  .9.  The  data  point  con- 
sists of  a lot  and  its  average  unit  cost.  For  entering  the 
lot  information  the  number  of  the  first  unit  of  the  lot  and 
the  quantity  of  units  in  the  lot  must  be  entered.  Both 
numbers  must  be  greater  than  or  equal  to  1.  When  entering 
the  first  unit  cost  in  this  mode,  the  first  unit  in  the  lot 
is  1 and  the  quantity  in  the  lot  is  1.  Neither  quantity  can 
be  in  any  units  other  than  1,  i.e.,  not  thousands  or  millions 
Decimals  are  optional  when  entering  unit  numbers,  quantities, 
or  costs.  Cost  can  be  entered  as  dollars,  K dollars,  R dollars 
or  any  other  units  such  as  foreign  currency,  labor  hours,  etc. 
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MODE  3 


This  is  the  output  mode  that  puts  the  learning  curve  to 
work  for  you,  estimating  future  costs.  You  must  have  entered 
enough  information  about  the  learning  curve  before  you  can 
start  using  it.  This  information  must  come  through  mode  1 or 
mode  2.  If  you  enter  mode  3 before  providing  any  input  in 
mode  1 or  2,  the  program  will  automatically  put  you  in  mode  2 
before  proceeding  with  mode  3.  This  input  defines  where  the 
curve  starts  and  the  direction  it  takes.  Now  you  have  to  tell 
the  computer  where  on  the  curve  you  want  the  average  unit  cost 
calculated.  To  do  this,  you  must  enter  the  unit  numbei  of  the 
first  unit  in  the  lot  and  either  the  quantity  of  units  in  the 
lot  or  the  number  of  the  last  unit  of  the  lot.  This  can  be 
done  in  a number  of  ways.  At  least  1 unit  must  be  in  each  lot. 

For  the  first  lot  entry  you  must  enter  the  number  of  the 
first  unit  of  this  lot  when  asked.  You  will  then  be  asked  for 
the  quantity  of  units  in  the  lot.  If  you  respond  with  a 
number  greater  than  or  equal  to  1,  the  computer  will  have 
enough  information  to  make  all  remaining  calculations  and  will 
do  so.  If  you  respond  with  a question  mark  (?) , then  the  com- 
puter will  ask  you  the  unit  number  of  the  last  unit  of  the  lot. 
You  must  respond  by  entering  a number  greater  than  or  equal  to 
the  number  of  the  first  unit  of  the  lot.  The  computer  will 
then  make  all  the  remaining  calculations  for  the  lot. 

You  will  then  be  asked  if  you  want  to  get  information  on 
another  lot.  Your  response  must  be  "yes",  "no",  or  "="  (Y,  N, 
or  *).  If  you  respond  "yes",  you  will  be  asked  to  enter  the 
first  unit  in  the  lot  and  the  lot  quantity  or  last  unit  number 
in  the  lot  as  before.  If  your  answer  is  the  computer  will 

add  a lot  with  the  quantity  equal  to  the  last  entered  quantity 
beginning  with  the  unit  after  the  last  unit  of  the  previously 
entered  lot.  If  you  answer  "no",  the  computer  will  go  on  to 
the  next  phase.  You  can  enter  up  to  100  lots.  The  lots  do 
not  have  to  be  in  any  particular  order  and  may  be  overlapping. 
The  lots  can  contain  as  little  as  1 unit.  Remember  that  unit 
numbers  and  quantities  are  in  quantities  of  units.  They  cannot 
be  simplified  by  considering  them  as  thousands  of  units  or 
millions  of  units  because  the  answers  will  be  different. 


When  you  have  no  more  lots  to  enter,  respond  to  "another 
lot:  with  "no."  The  computer  will  then  ask  if  you  want  to 
see  all  the  above  input  and  output  in  tabular  form.  If  you 
respond  "yes",  you  will  get  it.  If  you  respond  "no"  or  when 
the  computer  has  finished  printing  out  the  table,  you  will  be 
asked  if  you  wish  to  see  what  would  happen  if  the  lots  you 
inputted  were  on  a different  learning  curve.  If  you  do  want 
to  see  the  results  on  a different  learning  curve,  answer  "yes." 
You  will  then  have  to  enter  input  as  though  through  mode  2: 
the  slope  and  one  lot  data  point  (quantities  and  cost) . The 
data  point  can  be  the  same  as  you  entered  when  you  did  the 
original  run  or  it  can  be  different  and  the  slope  unchanged, 
but  you  must  reenter  it.  You  may  repeat  this  section  as  many 
times  as  you  like,  seeing  the  effect  that  different  changes  to 
the  learning  curve  have  on  the  average  unit  costs  for  each  of 
the  lots. 

When  you  have  finished  mode  3,  you  will  be  asked  which 
mode  you  wish  to  use  just  as  you  were  asked  when  you  finished 
modes  1 and  2.  You  can  go  back  and  forth  between  modes  as 
many  times  as  you  wish  before  stopping  the  program. 


To  stop  the  program  use  mode  "stop"  or  "s." 

When  you  do  stop  the  program,  remember  to  type  LOGOUT  when  the 
computer  types  COMMAND.  When  the  computer  finishes  typing  out 
the  charges  to  your  cost  center,  turn  the  terminal  off. 


Examples 

The  following  examples  demonstrate  operation  of  all  models/opt  ions  of  this 
program: 

Example  1 shows  how  to  access  program,  get  instructions,  stop  the  program 
and  get  off  the  computer. 

Example  2 shows  how  to  utilize  all  other  features  of  the  program. 

Note  that  all  inputs  to  the  computer  were  circled  for  clarity. 

A carriage  return  follows  every  line  entry.  In  ex amp  * 1,  the  pro- 
gram user  logged  in  with  his  user  name  and  password.  The  password  is 
always  typed  over  to  protect  it  from  being  copied.  You  have  to  obtain 
your  own  user  name  and  password  from  MISD  (6303)  before  you  can  use  the 
computer.  You  will  also  get  a list  of  phone  numbers  for  using  dial-up 
terminals.*  When  you  dial  up/turn  on  the  terminal,  you  will  be  given  a 
short  message  including  the  date  and  time,  then  you  will  be  asked  to  log 
in.  You  will  then  have  to  type  - LOGIN,  your  username.  When  asked  to 
en^er  your  password,  you  will  have  to  enter  it.  You  will  be  given  three 
chances  to  correctly  log  in  and  enter  a password  before  getting  any  warn- 
ing messages. 

When  you  are  correctly  logged  in,  the  computer  will  type  out  the  date, 
time  and  other  messages,  then  put  you  in  the  COMMAND  mode,  prompting  you 
with  the  work  "COMMAND"  when  it  is  ready  for  another  instruction  from  you. 

To  access  the  learning  curve  computer  program,  you  will  have  to  enter 
the  following  three  instructions  when  the  computer  types  "COMMAND."  At 
the  end  of  each  instruction  you  must  depress  the  carriage  return  key. 

Computer  types  You  type 

COMMAND  - ATTACH, A, LCURVE, CY-1 , ID«DRDAR,MR=1 
COMMAND  - ETL,  100 
COMMAND  - A 

You  will  then  be  operating  the  interactive  learning  curve  program.  It 
will  list  the  modes  of  operation  and  ask  which  mode  you  want  to  use.  The 
example  shows  the  results  you  get  when  you  use  mode  "M",  mode  "I",  and  mode 
"S"  for  listing  modes,  getting  additional  Instructions  and  stopping  the  pro- 
gram respectively.  When  you  stop  the  program,  you  will  return  to  the  com- 
puter COMMAND  mode.  If  you  wish  to  run  the  learning  curve  program  again 
you  only  have  to  type  the  third  Instruction  when  the  computer  prompts  you 
for  a command  as  follows: 

*Note:  User  names,  passwords  and  computer  phone  numbers  In  combination 
are  classified  For  Official  Use  Only. 
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Computer  types 
COMMAND 


You  type 
A 


If  you  want  to  get  off  the  computer,  respond  to  "COMMAND"  with  "LOGOUT." 
Turn  off  the  terminal  when  the  computer  completes  typing  out  the  billing 
message. 
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EXAMPLE  lx 


Shows  how  to  access  the  learning  curve  computer  program,  get  Instructions, 
stop  the  program  and  get  off  the  computer. 


Note:  You  will  need  a valid  user  name  and  password  to  use  any  of  the  computer 
facilities.  Contact  MISD,  x6303  for  further  instructions  on  how  to  get  a user 
name  and  password.  Appendix  B contains  a list  of  all  ARRADCOM  terminal 
locations/types.  (All  "user"  Inputs  have  been  circled  for  demonstrative 
purposes. ) 


A INTERCOM  4.0 
OA  i t*  06/28 / Itt 
TUE  13.22.14. 


youA  own  u&e/L  name 


HLSASgJJlliiJlL- 
tembf  I I 


youA  own  ptu&woAd 


')h/ 2 3/ 1 H LOGGED  IN  AT  13.22.41. 

MIT.I  USSR- ID  IM 
EOUIPZPORf  41/01? 


JOMMAND-r'attlch.a,  1 curve,  cy=l  , id=drH*r  .^r*! 


JO  AM  AND-  (et  1 , I 00 
JO  i/p  AND- 

r 'll S PROGRAM  operates  IN  THE  HOLLOWING  MOOES 
MODE  OPERATION 


•> 

s 


REGRESSION  TO  HIND  LEARNING  SLOPE 
NORMAL  INPUT  TO  GENERATE  LEARNING  CURVE 
OUTPUT  OH  ESTIMATED  COSTS  USING  LEARNING  CURVES 
STOP 

INSTRUCTIONS 
LIST  MOOES 


<? 
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.MIC  I MODE  DO  r '!)'J  WANT? 


MODE  (0 

I'H I S PROGRAM  OPERATES  IN  THE  FOLLOWING  MODES 
MODE  OPEN ATI  0 1 


1 REGRESSION  TO  FIND  LEARNING  SLOPE 

2 NORMAL  INHUT  TO  GENERATE  LEARNING  CURVE 

3 OUTPUT  Of  ESTIMATED  COSTS  USING  LEARNING  CURVES 

S STOP 

I INSTRUCTIONS 

M LIST  MODES 

>ih  I C. I MODE  DO  YOU  want? 

MODE  <D 

INSTRUCTIONS 


MODE  I 


REQUIRES  INPUT  FOR  TWO  OR  MORE  LOTS  AS  FOLLOWS 
THE  NUMBER  OF  THE  FIRST  UNIT  IN  THE  LOT 
AND 

THE  QUANTITY  OF  UNITS  IN  THE  LOT 
OR 

THE  LAST  UNIT  NUMBER  IN  THE  LOT 

AND 

THE  AVERAGE  UNIT  COST  H)R  THE  LOT 
MQDE2 


REQUIRES  INPUT  FOR  ONLY  I LOT  AS  ABOVE 
PLUS 

THE  LEAHNING  SLOPE 
MODE  3 


REQUIRES  THE  THE  FOLLOWING  FOR  EACH  LOT  YOU  WANT  A COST 
THE  NUMBER  OF  THE  FIRST  UNIT  IN  THE  LOT  (IT  WILL  BE  SET 
EQUAL  TO  I PLUS  THE  NUMBER  OF  THE  LAST  UNIT  OF  THE 
PREVIOUS  LOT  IF  YOU  ENTER  AN  EQUAL  SIGN  (») 

and 

THE  QUANTITY  OF  UNITS  IN  THE  LOT 
OR 

TrtE  LAST  UNIT  NUMBER  OF  THE  LOT 
MODE  S 


STOPS  THE  PROGRAM 
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MODE 


STOP 


COMMAND 


.063  CP  SECONDS  EXECUTION  TIME 


CPA  I./24  SEC.  I./24  ADJ . 

SXS  TIME  2.VI6 

EST.  COST  AT  S3V0/HH.  - $ .31 

CONNECT  TIME  0 HRS.  2 MIN. 
06/28//8  LOCOED  OUT  AT  13.24.46. 


EXAMPLE  2. 


Shows  how  to  use  Mode  1 for  curve  fitting.  Mode  2 for  general  Input 
and  Mode  3 to  get  expected  unit  costs  from  the  learning  curve,  and  demon- 
strates method  for  switching  between  modes. 

(All  "user"  inputs  have  been  circled  for  demonstrative  purposes.) 


COMMAND-^  Example  2a 

THIS  PROGRAM  OPERATES  IN  frit  HOLLOWING  MODES 
MODE  OPERA! 10 N 


1 REGRESSION  TO  FIND  LEARNING  SLOPE 

2 NORMAL  INPUT  ft)  generate  learning  curve 

3 OUTPUT  Oh  ESTIMATED  COSTS  USING  LEARNING  CURVES 

S STOP 

I INSTRUCTIONS 

m LIST  MODES 

«HICH  MODE  DO  YOU  WANT/ 

AODE 


THIS  MODE  WILL  GIVE  YOU  THE  SLOPE  AND  FIRST  UNIT  COST 
YOU  ,i  I LL  rtAVE  TO  ENTER  THE  NUMBER  OE  LOTS 
PLUS 

THE  FIRST  UNIT  NUMBER  IN  EACH  LOT  - AND  - 
THE  QUANTITY  IN  EACH  LOT  - AND  - 
THE  AVERAGE  UNIT  COST  FOR  THE  LOT 


PLEASE  ENTER  THE  NUMBER  OF  LOTS...  (P) 
ENTER  FIRST  UNIT  OF  LOT  OR  I (Tooo) 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT  (ToOU^) 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT  (ToOWT 
ENTER  FIRST  UNIT  OF  LOT  OR  2 <^>TKXP) 

ENTER  TOTAL  OUANTITY  IN  THIS  LOT  (Tot?) 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT  (ylOO) 


DO  YOU  WANT  TO  MAKE  ANY  CORRECTIONS/ 

YES  OR  NO  <3 
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Example  2 demonstrates  this  usage  of  modes  1,  2,  and  3*  The  first 
part  of  this  example  (2a)  shows  usage  of  mode  1,  regression  analysis, 
using  only  two  points.  Since  only  two  points  are  required  to  define  a 
line,  the  line  will  exactly  go  through  both  points  and  the  correlation 
coefficient  will  equal  -1.0.  Note  that  the  first  lot  entered  was  for  a 
lot  of  1000  units  beginning  with  unit  #1000  and  that  the  second  lot  was 
for  a quantity  of  500  units  beginning  at  unit  #5000.  If  the  lots  were 
to  be  entered  in  the  reverse  order,  the  results  would  still  remain  the 
same. 


In  this  case  the  results  were: 

slope  - 98.35*235* 

first  unit  cost  ■ 11907*779 

correlation  coefficient  ■ -1.00000 

In  the  tabular  output  you  can  see  that  the  estimated  costs  were  equal 
to  the  Inputted  costs  for  both  lots.  This  would  not  be  true  If  there 
were  more  than  two  points  and  If  the  correlation  coefficient  was  not 
-1.0.  The  six  columns  for  the  tabular  output  are  as  follows:  lot  number 
(lot),  unit  number  of  the  first  unit  of  the  lot  (First  Unit),  lot  quan- 
tity (Quantity),  lot  algebraic  mid-point  (Avg  Unit),  inputted  average 
unit  cost  for  the  lot  (Your  Cost),  and  predicted  or  estimated  average  unit 
cost  for  the  lot  (Est  Cost). 
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SLOPE  = P8.3S423S*  FIRST  UNIT  COST  = I 1 VQ7  . 7/9 

THE  CORRELATION  COEFFICIENT.  »■  - 1 . OOOOO 
DO  YOU  .1ANT  TO  SEE  A TAbLE  OF  PREDICTED  COSTS 
?S.  YOUR  INPUTTED  COSTS  FOR  EACH  LOT? 

YES  OR  NO  (g) 

LOT  FIRST  UNIT  QUANTITY  AVO  UNIT  YOUR  COST  EST  COST 

1 1000.  1000.  1470.  10000.00  I 0000.0*3 

2 oOOO.  SOO.  324  7.  WOO. 00  WOO. 00 

MODE 

STOP 

.12/  CP  SECONDS  EXECUTION  TIME 
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Example  2b  shows  the  usage  of  mode  1 with  six  data  points  to  determine 
the  learning  slope  and  how  well  the  "curve"  fits  the  data.  The  first  lot 
started  with  unit  1 and  contained  100  units  at  an  average  unit  cost  of 
$1000.  Note  that  for  the  second  lot,  when  the  computer  asked  for  the  unit 
number  of  the  first  unit,  the  response  was  This  told  the  computer 

that  this  new  lot  would  immediately  follow  the  preceding  lot.  Lot  2 con- 
tained 100  units  at  an  average  unit  cost  of  $950.  The  following  chart 
summarizes  the  input  for  lots  3 through  6. 


Lot  # 

First  Unit 

Quantity 

Average  Unit  Cost 

3 

1000 

497 

672 

4 

1700 

350 

699 

5 

2500 

500 

500 

6 

5000 

1000 

422 

In  the  example,  it  was  decided  to  make  a correction  to  lot  4,  changing 
the  first  unit  to  1701,  the  quantity  to  300  and  the  average  unit  cost  to 
$350.  That  was  the  only  correction  to  be  made.  The  computer  then  fit  a 
learning  curve  to  the  data  with  the  following  results: 

Learning  slope  - 87.309% 

Cost  of  unit  - 2195.897 
Correlation  coefficient  ■ -.87978 

While  this  Is  a reasonable  fit  of  the  learning  curve  to  the  data  point 
(correlation  coefficient  less  than  -.8),  none  of  the  data  points  fall  exactly 
on  the  line.  This  would  be  expected  in  a real  life  situation.  From  the 
table  of  predicted  costs  vs  Inputted  costs,  you  can  see  the  differences  as 
calculated  below. 


lot 


% ratio  of  inputted  to  estlmted  costs 


1 

2 

3 

4 

5 

6 


91% 

115% 

124% 

70% 

107% 

104% 
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WHICH  MODE  DO  YOU  WANT/ 
MODE  ^f) 


THIS  MODE  WILL  DIVE  YOU  THE  SLOPE  AND  FIRST  UNIT  COST 
YOU  WILL  HAVE  TO  ENTER  THE  NUMBER  Oh  LOTS 
PLUS 

THE  FIRST  UNIT  NUMBER  IN  EACH  LOT  - AND  - 
THE  QUANTITY  IN  EACH  LOT  - AND  - 
THE  AVERAGE  UNIT  COST  FOR  THE  LOT 


PLEASE  ENTER  THE  NUMBER  OF  LOTS...  @ 
ENTER  FIRST  UNIT  OF  LOT  OR  — " I CD 
ENTER  TOTAL  QUANTITY  IN  THIS  LOT  CTop) 


ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  ••="  2 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  «=*'  3 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  Of  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  •'»"  4 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  *'■"  5 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  **=••  6 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
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JO  YOU  KANT  TO  MAKE  ANY  CORRECTIONS ( 
ICES  OR  NO 

ENTER  LOT  NUMBER© 

ENTER  FIRST  UNIT  OF  LOT  OR  *•*"  4 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 


00  Y OU  rlANT  TO  MAKE  ANY  CORRECTIONS/ 

YES  OR  NO  © 

SLOPE  = 8/. 30949/*  FIRST  UNIT  COST  = 219b. 89/ 

THE  CORRELATION  COEFFICIENT,  N=  -.8 /Wo 
00  YOU  RANT  TO  SEE  A TABLE  OF  PREDICTED  COSTS 
VS.  YOUR  INPUTTED  COSTS  FOR  EACH  LOT? 

YES  OR  No 


LOT 

FIRST  UNIT 

QUANTITY 

AVG  UNI T 

YOUR  COST  EST 

COST 

1 

1 . 

1 00. 

3b. 

1 000.00 

109/. 23 

2 

101  . 

1 00 . 

14/. 

VbO.OO 

826.4b 

3 

1 000. 

49/. 

1238. 

672.00 

b44 .6 1 

4 

1/01. 

300 . 

1848. 

3dO . 00 

b03.b3 

5 

2d  00. 

500. 

2 /4b. 

bOO  .00 

466.00 

6 

b 000 . 

1 000 . 

D490. 

4 22.00 

406.8b 
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Example  2c  shows  a mode  1 (regression)  using  only  I*  data  points. 

Note  that  in  this  case  the  correlation  coefficient  is  only  -.67,  indicat- 
ing a rather  poor  fit.  In  a case  such  as  this,  you  could  not  reasonably 
use  the  resulting  ^5%  learning  curve  as  an  effective  predictor  of  costs. 

The  errors  would  be  too  large. 

Example  2d  shows  entry  of  data  through  mode  2.  A slope  of  93$  was 
entered  as  .93.  in  this  case,  the  first  unit  cost  Is  being  entered. 

Since  all  quantities  must  be  entered  as  though  for  a lot,  the  first  unit 
In  this  "lot"  is  1 and  the  quantity  is  1.  The  cost  was  entered  as  2357. 

Example  2e  shows  the  usage  of  mode  3 using  the  tearing  curve  inputted 
through  mode  2 In  example  2d.  Mode  3 is  the  mode  that  puts  the  learning 
curve  to  work  as  a predictive  tool.  When  entering  information  about  the 
lots  you  want  average  unit  costs  for,  you  must  enter  the  unit  number  of 
the  first  unit  in  the  lot  and  either  the  quantity  of  units  in  the  lot  or 
the  last  unit  number  in  the  lot.  If  an  equal  sign  (■)  is  entered  for  the 
first  unit  number  in  the  lot,  the  computer  will  add  1 to  the  last  unit 
number  of  the  previously  entered  lot  and  use  the  result  as  the  first  unit 
this  new  lot.  If  the  response  Is  a question  mark  (?)  for  the  lot  quantity, 
the  computer  will  ask  for  the  last  unit  number  of  the  lot.  This  number 
must  be  entered.  After  all  this  information  is  entered,  the  computer  will 
calculate  the  lot  midpoint,  average  unit  cost  and  total  lot  cost.  In  this 
example  the  unit  number  of  the  first  unit  of  the  lot  was  entered  as  50  and 
the  lot  quantity  was  entered  as  50.  The  computer  calculated  the  unit 
number  of  the  last  unit  of  the  lot  to  be  99,  the  lot  midpoint  to  be  unit 
73,  the  average  unit  cost  to  be  1504.28  and  the  total  lot  cost  equal  to 
7 5214.  After  doing  the  calculation  for  this  lot,  the  computer  asked  if 
the  user  wanted  to  do  another  lot.  There  are  three  acceptable  replies: 

Yes  (Y) , No  (N) , or  equal  (■) . The  first  two  are  obvious.  If  you 
respond  "■",  the  computer  will  construct  another  lot  equal  In  quantity  to 
the  previous  lot  Immediately  following  that  lot.  In  this  case,  the 
answer  to  another  lot  was  "yes"  and  the  response  for  the  first  unit  In 
the  lot  was  "■"  with  a quantity  of  100,  meaning  that  the  user  wanted  to 
have  another  lot  beginning  with  unit  100  having  100  units  In  it.  After 
the  computer  printed  out  the  costs  for  this  lot  it  asked  if  there  was  to 
be  another  lot.  In  this  case  the  response  was  "■"  so  the  computer  did 
the  calculations  for  a third  lot  with  a quantity  of  100  beginning  at  unit 
200.  In  this  example,  10  different  lots  were  entered  before  answering 
"no"  to  "another  lot."  Then  when  the  computer  asked  If  the  user  wanted  a 
summary  of  the  output  in  tabular  form,  the  response  was  yes.  This  table 
appears  right  above  the  beginning  of  example  2f  on  page  26. 

Example  2f  shows  how  a sensitivity  analysis  can  be  performed  to  see 
what  would  happen  to  unit  and  total  costs  for  the  same  lots  if  a different 
learning  curve  were  to  be  used.  The  computer  then  gives  the  user  a chance 
to  add  new  lots  or  make  corrections  to  existing  lots  before  changing  the 
learning  curve.  In  this  example,  lot  3 was  changed  from  a quantity  of  100 
units  beginning  with  unit  200  to  a lot  of  200  units  beginning  with  unit 
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201.  Another  correction  was  made.  The  response  to  "which  lot"  was  123. 
Since  It  was  greater  than  100,  the  lot  number  had  to  be  reentered.  The 
reply  was  99  for  the  lot  number  which  was  acceptable,  but  since  there 
were  only  10  other  lots,  this  lot  was  packed  down  to  lot  number  11  by  the 
computer.  This  added  a new  lot  to  those  to  be  looked  at  on  the  new  learning 
curve. 

Since  the  user  wanted  to  see  the  results  on  a new  learning  curve,  he 
had  to  enter  the  slope,  unit  number  of  the  first  unit  of  the  lot,  the  lot 
quantity  and  average  unit  cost  for  the  lot  exactly  as  though  in  mode  2. 

In  the  example  a 90%  slope  was  chosen  with  the  lot  being  only  unit  1 with 
unit  cost  of  2357-  This  happens  to  correspond  to  the  same  first  unit  cost 
from  the  preceding  example  with  a different  slope.  The  resulting  table 
shows  that  the  effect  of  the  steeper  slope  is  lower  costs  (as  would  be 
expected) . 


# 
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MODE  <T) 


THIS  MODE  WILL  GIVE  YOU  THE  SLOPE  AND  FIRST  UNIT  COST 
YOU  W I LL  HAVE  TO  ENTER  THE  NUMBER  OF  LOTS 
PLUS 

THE  FIRST  UNIT  NUMBER  IN  EACH  LOT  - AND  - 
THE  QUANTITY  IN  EACH  LOT  - AND  - 
THE  AVERAGE  UNIT  COST  FOR  THE  LOT 


Example  2c 


PLEASE  ENTER  THE  NUMBER  OF  LOTS... 


ENTER  FIRST  UNIT  OF  LOT  OR  "**•  I 
ENTER  TOTAL  QUANTITY  IN  THIS  LOf 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  *'=••  2 

ENTER  TOTAL  QUANTI TY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 
ENTER  FIRST  UNIT  OF  LOT  OR  3 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT 


CD 

<&) 

(kxx£) 

(Sot, 
i o (xT 


6lrTD 

<^00* 


ENTER  FIRST  UNIT  OF  LOT  OR  *'="  4 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 


ENTER  AVERAGE  UNIT  COST  OF  THIS  LOT  (2D 

DO  YOU  WANT  TO  MAKE  ANY  CORRECTIONS? 

YES  OR  NO  (fio*) 

SLOPE  = 75.374957%  FIRST  UNIT  COST  = 

THE  CORRELATION  COEFFICIENT,  R*  -.o7l80 
DO  YOU  WANT  TO  SEE  A TABLE  OF  PREDICTED  COSTS 


4972 ,4d4 


VS. 

YES 

YOUR  INPUTTED 
OR  NO 

COSTS 

for 

EACH 

LOT? 

LOT 

FIRST  UNIT 

QUANTITY 

avg 

UNIT 

YOUR  COST 

EST  COST 

1 

1 . 

100. 

31  . 

1 000.00 

1231 .82 

2 

500. 

100. 

548. 

1 000.00 

37V. /O 

3 

601  . 

400. 

/ 8V. 

350.00 

327.42 

4 

1001  . 

350. 

1 169. 

1 22.00 

278.82 
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MODE  =£) 


fc'N  TEH  SLOPE  AS  A DECIMAL 

EN TEH  THE  UNIT  NUMBER  ()E  fHE  FIRST  UNIT 
IN  T.IE  SAMPLE  LOT 

ENTER  THE  TOTAL  QUANTITY  OF  ITEMS  IN  THI b 
SAMPLE  LOT 

ENTEN  AVERAGE  UNIT  COST  H)«  THE  SAMPLE  LOT 

SAMPLE  LOT  DATA  FOLLOWS. 

SLOPE  = . P3QO 

FIRST  UNIT  NUMBER  = I. 

LAST  UNIT  NUMBER  = I. 

TOTAL  LOT  QUANTI TY  = I . 

A YEP  AGE  UNIT  COST  EON  THIS  LOT  = 23o/.(X) 

THEOHETJ£AL  F I NS  T UNIT  COST  = 23b/. 00 

MODE  Q) 


© 

© 

© 

& 


Example  2e 


THIS  MODE  nl LL  GIVE  YOU  THE  ESTIMATED  AVERAGE 
UNIT  COST  FOR  ANY  LOT  QUANTITY.  INPUT  TO  THIS 
MUST  COME  r ROM  MODE  I OR  M0DE2. 

DO  Y )U  WANT  TO  CHANGE  MODES/ 


MODE 


DATA  ENTRY  FOR  EACH  LOT  WILL  BE 
P I RST  UNIT  NUMBER  = 

QUANTITY  IN  LoT= 

LAST  UNIT  NUMBEH  =-• 

It-  YOU  HESPOND  TO  "ANOTHER  LOT/"  WITH  AN  EQUAL  SIGN  ( = ), 
YOU  WILL  GET  AN  ADD-ON  LOT  OE  EQUAL  OUANTITY  TO  THE  LAST 
AF TEH  THE  PREVIOUSLY  ENTERED  LOT 
NEED  AOR  E INSTRUCT  I lMS’frfes\ 


IF  YOU  ENTER  ••  = " FOR  FIhST  UNIT  NUMBEH, IT  WILL 
AUTOMATICALLY  BE  SET  EQUAL  TO  THE  LAST  UNIT  NUMBEH 
OF  THE  PREVIOUS  LOT  PLUS  I . 

IF  YOU  ENTER  «/•’  FOR  LOT  QUANTITY,  YOU  WILL  HAVE  TO 
ENTER  THE  UNIT  NUMBER  OF  THE  LAST  UNIT  IN  THE  LOT 
LEARNING  SLOPE  = .P30 
E I TEN  FIRST  UNIT  NUMBER  OR  " = " pO) 


ENTER  QUANTITY  IN  LOT  OR 

LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


" 7 " 


VP. 

/3. 

IB04.28 

7P2I4. 
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ANOTHER  LOT / 

Y.N,  OR  * (J5> 

ENTEI  FIRST  UNIT  NUMBER 

ENTER  QUANTITY  IN  LOT  OH 


OR  ••=''(31) 


LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  GOST 
rofAL  LOT  COST 


I VV. 

I 46. 

I 3VH.4  / 
I3V847. 


ANOTHER  LOT/  __ 
Y.N,  OR  = <33> 

FIRST  UNIT  NUMBER 
QUANTITY  IN  LOT 
LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


200. 
100. 
2VV. 
248. 
1323. S3 
I 323t)3 . 


ANOTHER  LOT/ 

Y.N,  OR  = 

ENTER  FIRST  UNIT  NUMBER  OR  (foocT) 
ENTER  QUANTITY  IN  LOT  OR  *'?"^00) 


LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


I4VV. 

1240. 

1118.10 

•JBV048. 


* 


i 


ANOTHER  LOT/ 

Y.N,  OH  = (ffesj) 

ENTER  FIRST  UNIT  NUMBER  OR  ,,  = ''  (gsOO^) 

ENTER  QUANTITY  IN  LOT  OR  “V"=^buu) 

LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


4yyy. 
3671 . 
yye.02 

24VS04V . 


24 


- 


ANOTHER  LOT / 

Y,N,  OR  = 

HIRST  UNIT  NUMBER 
QUANTITY  IN  LOT 
LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


bOOO. 
2bOO. 
/4W. 
6203. 
944.68 
236 1 6Vb . 


ANOTHER  LOT / 

Y.N.  OH  = <7_J> 

ENTER  HIRST  UNIT  NUMBER  OR  ‘*  = “(3) 


ENTER  QUANTITY  IN  LOT  OR  *'V"</dOO 


LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


/bOO. 
2611. 
1034.26 
/I'd  6913. 


ANOTHER  LOT/ 
Y,N,  OR  = 


© 


HIRST  UNIT  NUMBER 
QUANTITY  IN  LOT 
LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


/ bOI  . 

/d  00. 

I bOOO . 

I 1014. 
8BV.S6 
66/1  /32. 


ANOTHER  LOT/ 
Y,N,  OR  - 


<ss> 

ENTER  HIRST  UNIT  NUMBER  OR  (U) 000 

ENTER  QUANTITY  IN  LOT  OH  *'?"  <L> 


LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


I 0000. 

I 0000. 
898.61 
8YV. 
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ANOTHER  LOT/  ^ 

Y,N,  OH  = (yes j 

ENTER  FIRST  UNIT  NUMBER  OH  *•*"  (^OOCXT) 

ENTER  QUANTITY  IN  LOT  OH  M/"<Q> 


LAST  UNIT  NUMBER 
LOT  MIDPOINT 

average  unit  cost 

TOTAL  LOT  COST 


2 0000. 

2 0000. 
83b. 71 
836. 


ANOTHER  LOT/ 

Y , N,  OH  = (qo) 


DO  YOU  WANT  TO  SEE  OUTPUT  IN  TABULAR 


FORM/ 


LEARNING  SLOPE  = .930 

THEORETICAL  FIRST  UNIT  COST  * 23b/.  00 


LOT 

FIRST  UNIT 

quantity 

LOT 

AVERAGE 

TOTAL 

* 

NUMBER 

IN  LOT 

MIDPOINT 

UNIT  COST 

LOT  COST 

* ★ 

★ -k  it  "k  It  ♦ 

* * * * ★ 

★ * * * * * 

******* 

****** 

1 

bO. 

bO. 

/3. 

1504.28 

lo2  1 4 

2 

1 00. 

100. 

146. 

1 3v8  .4  / 

13984/ 

3 

200. 

1 00. 

248. 

I323.b3 

132353 

4 

1 000. 

bOO. 

1240. 

II  1 B . 1 0 

559048 

2b00 . 

2500. 

36/1  . 

998.02 

24V5049 

6 

bOOO. 

2b(X). 

6203. 

944.68 

2361695 

/ 

1 . 

/ bOO. 

2611. 

1034. 2o 

/ / 569 1 3 

3 

7501  . 

/bOO. 

1 1014. 

88V. 56 

66  71  /32 

y 

1 0000 . 

1 . 

1 0000. 

8yb.6l 

899 

10 

20000 . 

1 . 

20000. 

835.71 

836 

DO  YOU  WISH  TO  SEE  THE  HESULTS  OF  THE  AbOVE  LOTS 
ON  A UIFFEHENT  LEAHNING  SLOPE/  /yeT 


DO  YOU  WANT  TO  MAKE  ANY  COHHECTIONS  TO  ANY  OF  THE 
ABOVE  LOTS, OH  ADD  ANY  NEW  LOTS?  YES  OH  NO  (yesj 

WHICH  LOT/  CD 

ENTER  FIRST  UNIT  NUMBER  OF  LOT 
ENTER  QUANTITY  IN  LOT  OR  "7"^0(?) 


LAST  UNIT  NUMBER  « 400. 
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Example  2f 


ANOTHER  CORRECTION? 


rtHICH  LOT? 

SORRY,  NOT  Jim?  - THAN  100  LOTS 
rMICH  LOT?(W> 

ENTER  HlNSf  ON  I T NUMB EH  OH  LOT 
ENTER  QUANTITY  IN  LOT  OH  •*  ?**=<f0000 


L AS  1 UNIT  NUMBER 

= -jvvvv. 

ANOTHER  CORRECTION?  (noj) 

enter  SLOPE  AS  A 

decimal 

<dS> 

ENTER  THE  UNIT  NUMBER  OE  THE  HIRST  UNIT 

IN  HE  SAMPLE  LOT 

CD 

ENTER  THE  TOTAL  OIJANTITY  Oh' 

ITEMS  IN 

THIS  ^ 

SAMPLE  LOT 

do 

ENTER  AVERAGE  UNIT  COST  POR 

THE  SAMPLE  LOT  (^23bT) 

SAMPLE  LOT  DATA 

EOLLONS. 

SLOPE  = .VOOO 

MUST  UNIT  NUMBER 

a 

i . 

LAST  UNIT  NUMBER 

= 

I . 

U)T«L  LOT  QUANTITY  = 

I . 

A V: RAGE  UNIT  COST 

E()R  THIS 

LOT  = 

23b /.(K) 

THEORETICAL  HIRST 

UNIT  COST 

s 

23b/. 00 

LOT  HI. 1ST  UNIT  QUANTITY 

LOT 

AVERAGE 

TOTAL 

¥ NUMBER 

IN  LOT 

MIDPOINT 

UNIT  COST  LOT  COST 

kkkkkkkkk 

k k k k k 

w * * * 

********* 

* * * * * 

1 bO. 

bO. 

/3 . 

1 228 .20 

61410 

2 100. 

1 00. 

140. 

1 104.  /y 

1 I04/V 

3 201  . 

200. 

2V4. 

yy3.b2 

IV8/04 

4 1 000 . 

bOO. 

1240. 

7 ya.2v 

3WI4o 

b 2b00. 

2b  <30. 

3oo  / . 

6 It, VI 

1692416 

6 bOOO. 

2bOO. 

0201  . 

62b. 02 

1 b62b4 / 

/ 1 . 

/bOO. 

2b3V. 

/ib.ev 

b3oV 1 43 

H /D()|  . 

/bOO. 

11004. 

b/2.84 

4296276 

V 1 0000 . 

1 . 

1 0000. 

b8l .23 

b8l 

10  20000. 

1 . 

20000. 

S23.  II 

b23 

II  bOOOO . 

1 0000. 

b4Vl2. 

448.66 

4486b80 

Example  2g  shows  the  results  of  the  previous  11  lots  on  still  another 
learning  curve.  This  time  It  Is  a 85%  curve  based  on  a lot  of  50  items 
beginning  at  unit  #50  with  an  average  unit  cost  for  the  lot  of  1228.20. 

The  table  shows  the  resulting  unit  cost  for  all  11  lots. 

Example  2h  shows  using  mode  1 to  generate  a learning  curve  to  be  used 
In  mode  3.  TT’is  exactly  the  same  as  using  mode  1 without  going  Into  mode 
3. 


Example  21  shows  the  output  of  5 lots  from  the  curve  generated  In 
mode  1 . 

Example  2j  shows  mode  "s"  usage  to  stop  the  program  and  the  LOGOUT 
procedure  and  messages. 


JO  YOU  WISH  ro  SEE  HIE  RESULTS  OEmjE  ABOVE  LOTS 

ON  A DIFFERENT  LEARNING  SLOPE?  Qes^>  Example  2g 

00  YOU  WANT  TO  MAKE  ANY  CONNECTIONS  TO  ANY  OhTriE 
ABOVE  LOTS, ON  ADD  ANY  NEW  LOTS?  YES  OH  NO  (no, 

ENTER  SLOPE  AS  A DECIMAL 

ENTER  I'HE  UNIT  NIJMBErt  Oh  THE  FIRST  UNIT 
IN  THE  SAMPLE  LOT 


ENTER  THE  TOTAL  QUANTITY  OF  ITEMS  IN  THIS 
SAMPLE  LOT 


ENTER  AVERAGE  UNIT  COST  hOft  THE  SAMPLE  LOT 


SAMPLE  LOT  DATA  HOLLOWS. 

SLOPE  = .8b  00 
FIRST  UNIT  NUMBER  = 

LAST  UNIT  NUMBER  = 

TOTAL  LOT  QUANTITY  = 

AVERAGE  UNIT  COST  FOR  THIS  LOT  = 
THEORETICAL  FIRST  UNIT  COST  = 

LOT  hlHST  UNIT  QUANTITY  LOT 
4 NUMBER  IN  LOT  MIDPOI 


SO. 

99. 

SO. 

I 228.20 
33bb .60 

A . ERAGE  TOTAL 

T UNIT  COST  LOT  COST 


ic  ic  It 

* * * * 

******** 

It  ir  It  ic 

******** 

***** 

i 

bO. 

bO. 

/3. 

1 228.20 

61410. 

2 

100. 

100. 

146. 

1043.11 

10431  1 . 

3 

201  . 

200. 

293. 

88d .bb 

i // 1 io. 

4 

1 000. 

bOO. 

1239. 

631  • /b 

3lb8/4. 

b 

2b00 . 

2bOO. 

360  1 . 

490.03 

1 22b064 . 

6 

5 000. 

2bOO . 

6198. 

433.14 

1 08284o. 

/ 

1 . 

/bOO. 

2406. 

b40 .13 

40bbo 1 I . 

8 

/ 50 1 . 

/bOO. 

10986. 

3/6.13 

284048/. 

y 

1 0000 . 

1 . 

1 0000. 

38/. 18 

38/. 

10 

20000. 

1 . 

20000. 

329.10 

329. 

1 1 

bOOOO . 

1 0000 . 

b4906 . 

2b9 . 7 1 

2P9/l3o. 

DO  YOU  WISH  TO 
ON  A DIFFERENT 

SEE  THE  RESULTS 
LEARNING  SLOPE? 

OF  THE 

ABOVE  LOTS 
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Example  2h 


MODE  =(3^> 

THIS  MODE  WILL  GIVE  YOU  THE  ESTIMATED  AVERAGE 
UNIT  COST  POP  ANY  LOT  QUANTITY.  INPUT  TO  THIS  MODE 

MUST  COME  PROM  MODE  I OP  MODE 2 . 

IX)  YOU  WANT  TO  CHANCE  MODES? 

MODE 

THIS  MODE  WILL  01  YE  YOU  THE  SLOPE  AND  PI  PST  UNIT  COST 
YO'J  mILL  HAVE  TO  ENTER  THE  NUMBER  OP  LOTS 
PLUS 

THE  FIRST  UNIT  NUMBER  IN  EACH  LOT  - AND  - 
THE  lUANTITY  IN  EACH  LOT  - AND  - 
THE  AYEPAOE  UNIT  COST  POP  THE  LOT 

PLEASE  ENTER  THE  NUMBER  OF  LOTS...  CD 

THE  NUMBER  OPJ_HJS  MUST  BE  TWO  OP  MOKE 

hoh  many  Lor^io^) 


...SOPPY,  NOT  MORE  THAN  100  LOTS 
NOW  MANY  LOTS? 

ENTER  PIPST  UNIT  OP'  LOT  OH  •'="  I 
ENTER  TOTAL  QUANTITY  IN  THIS  LOT  CD 
ENTER  AVERAGE  UNIT  COST  OP  THIS  LOT  (^23s7]> 


ENTER  PIPST  UNIT  OP  LOT  OR  2 

ENTER  TOTAL  QUANTITY  IN  THIS  LOT 
ENTER  AVERAGE  UNIT  COST  OP  THIS  LOT 
ENTER  FIRST  UNI  T OP  LOT  OR  **="  3 


ENTER  TOTAL  QUANTITY  IN  THIS  LOT  CD 

ENTER  AVERAGE  UNIT  COST  OP  THIS  LOT  (j«D 

DO  YOU  WANT  TO  MAKE  ANY  CORRECTIONS? 

YES  OR  NO 


SLOPE  =»  89.716522*  FIRST  UNIT  COST  » 23/4.951 

THE  CORRELATION  COEFFICIENT,  K»  -.99985 

30 
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DO  rou  RANT  TO  SEE  a TAbLE  OH  PREDICTED  COSTS 
VS.  YOUR  INPUTTED  COSTS  FOH  EACH  LOT? 

YES  Oft  NO  CyesJ 


LOT  HIKST  UNIT 

1 1 . 

2 I 00. 

3 20000. 
MODE 


OUANTITY  AVG  UNIT 
\ . 1 . 
100.  146. 

I . 20000. 


YOUR  COST  EST  COST 
236/. 00  23/4.  V-D 

1106.00  1 OSH . 2o 

600.00  603.86  Example  2i 


THIS  MODE  WILL  01 VE  YOU  THE  ESTIMATED  AVERAGE 
UNIT  COST  F Oft  ANY  LOT  OUANTITY.  INPUT  TO  THIS  MODE 
MUST  COME  FrfOrt  MODE  I OR  m()DE2  . 

DO  YOU  «ANT  TO  CHANCE  MODES ? 


data  entry  hok  each  lot  kill  he 
FI. ft  ST  UNIT  NUMBER  = 

QUANTITY  IN  LOT= 

LAST  UNIT  NUMBER  = 

IF  YOU  RESPOND  TO  "ANOTHER  LOT?"  WITH  AN  EQUAL  SION  (=), 
YOU  RILL  GET  AN  ADD-ON  LOT  OF  EQUAL  QUANTITY  TO  THE  LAST 
AFTER  THE  PREVIOUSLY  ENTERED  LOT 
NEED  MORE  INSTRUCTIONS?  no 


LEARNING  SLOPE  = .8y / 

ENTER  FIRST  UNIT  NUMBER  Oft 

ENTER  QUANTITY  IN  LOT  UR  "?"  <D 


ENTER  LAST  UNIT  NUMBER  =<foQo) 


QUANTITY  IN  LOT 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


I 000. 

340. 

Vo3 .08 

V63682. 


ANOTHER  LOT? 

Y,N,  Oft  = 

FIRST  UNIT  NUMBER 
QUANTITY  IN  LOT 
LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


1001  . 

I 000. 
2000. 
1468. 
768.42 
Z68424. 


A 


31 


« 


ANOTHER  LOT? 
Y.N,  OH  = 


FIRST  UNIT  NUMBER 

j*j a.m r i ry  in  Lor 

LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVENGE  UNIT  COST 
total  LOT  COST 


2001  . 

I 000. 
3000. 
2461  . 
696.6/ 
698d/0. 


4 


ANOTHER  LOT? 

Y.N,  OH  = (£) 

FIRST  UNIT  NUMBER 
JUAN r 1 17  IN  Lor 
LAST  UNIT  NUMBER 
LOT  MIDPOINT 
AVERAGE  UNIT  COST 
TOTAL  LOT  COST 


3001  . 

I 000. 
4000. 
3487. 
662 . 33 
662330. 


ANOTHER  LOT? 

Y.N,  ON  = (jJ 


ENTER  EIHST  UNIT  NUMBER  OR  <£> 
ENTER  QUANTITY  IN  LOT  OH  “ i ••  =fjo6o^ 


LAST  UNIT  NUMBER 


4 000. 


LOT  MIDPOINT 

= 1 3d2 

• 

AVERAGE  UNIT  COST 

768 

.2d 

TOTAL  LOT  COST 

30/3006 

• 

ANOTHER  LOT? 
Y.N,  OR  = 

CED 

DO  YOU  RANT  To 

SEE  OUTPUT 

IN  TABULAR  FOHM?(y^) 

LEARNING  SLOPE 

^ .89/ 

THEORETICAL  FIRST  UNIT  COST  = 

23/4.9D 

LOT  FIRST  UNIT 

QUANTITY 

LOT 

AVERAGE 

TOTAL 

# NUMBER 

IN  LOT 

MIDPOINT 

UNIT  COST 

LOT  COST 

Hr  * * * * * * 

****** 

****** 

******* 

****** 

1 1 . 

1 000. 

340. 

953.68 

953682 

2 1001  . 

1 000. 

1468. 

758.42 

758424 

3 2001  . 

1000. 

2481  . 

698.5/ 

6985/0 

4 3001  . 

1000. 

348/. 

662.33 

662330 

5 1 . 

4000. 

1352. 

768.25 

30/3006 

00  YOU  RISH  TO 
ON  A DIFFERENT 

SEE  THE  RESULTS  OF  THE 
LEARNING  SLOPE? 

ABOVE  LOTS 
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1 

MODE  Exvnzle 2J_ 

STOP  ; 

I . 4bV  ^y^SECONOS  EXECUTION  TIME  1 

COMMAND-  ^QQQU 

CM  A 6.011  SEC.  6.011  ADJ. 

CMd  .000  SEC.  .(XX)  ADJ. 

srs  TIME  7.628 

EST.  COST  AT  $3V0/Hi!.  - $ .81 

CONNECT  TIME  0 HNS . 26  MIN. 

06/28/78  lodged  our  at  i 3. si. is. 
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Appendix  A 

LEARNING  CURVE  EQUATIONS 


4 


Equation  1 is  the  equation  of  the  unit  learning  curve. 


(1) 

Y - A*XB 

with 

(2) 

B ■ LOG  | 

[SLOPE) 

LOG  | 

The  algebraic  lot  midpoint  (Equation  3)  is  used  in  con- 
junction with  the  learning  curve  equation  to  calculate  the  1 

average  unit  cost  for  a lot  quantity.  The  algebraic  midpoint 

is  the  unit  in  the  lot  that  has  the  average  unit  cost.  i 


Equations  4 and  5 are  the  equations  used  to  fit  a learning 
curve  to  the  data  using  the  least  square  technique.  Equation 
6 is  the  equation  for  the  correlation  coefficient,  a statisti- 
cal measure  of  how  well  the  curve  fits  the  data. 


(5)  A = ANTILOG  ((ELOG(Y)  - B*ELOG (X) ) /N) 

(6)  r - N*E  (LOGfX)  *LOGfY)  1 - ELOG(X)  *ELOG(Y) 

✓N«{raoc(X)*ij-~  (ELOirrnr  *yvMS(Loc(Y)VT~-  nruccny 

Where 

Y is  the  cost  of  unit  X 
A is  the  cost  of  unit  1 
B is  the  "exponent"  of  the  slope 
K is  the  algebraic  mid-point  of  the  lot 
N is  the  quantity  of  units  in  the  lot 
N1  is  the  last  unit  in  the  lot  plus  H 
N2  is  the  first  unit  in  the  lot  minus  *s 
r is  the  correlation  coefficient 
E is  a symbol  to  indicate  summation 
LOG  is  the  logarithm  to  the  base  10 
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